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Pile ^ combustible. 



fe?) La pile d combustible comprend au moins deux 6lec- 
trSaes poreuses, un catalyseur (8) dtant disperse d la sur- 
face des pores (7). Les pores (7) et la face interne des 
^lecbrodes sont revStus d'un Electrolyte solide sous forme 
d'un film (9) oonstitu^ d'un polymdre ^ conduction proton i- 
que, et les Electrodes enserrent par leur face Inteme une 
matdce (3} poreuse rem pile d'un Electrolyte iiquide acide 
(4). 

Le film solide (9) de polymEre d conduction proton ique, 
qui peut Etre un Htm continu, peut Etre constituE d'un ami- 
nosil du type: 



(Si03):r - (CH:,). 
ou un GomposE perfluorE. 



NH:^, HNX 




nil 
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PILE A COMBUSTIBLE 



La pr6s ente invention se rappor te k une pile i 
combustible, du type pile h combustible hydrogfene-oxygfene. 

Oepuis quelques annSes, on a atteint des performances 
tres interessantes dans las piles ci combustible hydrog^ne-oxyg^ne, 
dans lesguelles on emploie comme electrolyte une membrane en 
polymere k conduction protonique. Le systeme le plus efficace 
comporte des Electrodes ayant une structure dite 4 triple contact, 
la liaison entre le catalyseur disperse h la surface des pores de 
1' electrode et la membrane §tant assuree par un film de polymere 
figalement conducteur protonique. 

La demanderesse a mis en evidence que I'efficacite de 
la pile n'est pas li6e k I'emploi d'une membrane comme Electrolyte, 
mais essentiellement au mode de transport des especes et des charges 
dans le domaine ou coexistent catalyseur, film d' electrolyte solide 
et gaz. II faut en effet noter que 1' utilisation de membrane 
comporte divers inconvenients : 

a) Pour des epaisseurs de membrane aisement realisables 
industriellement, la resistance introduite par la membrane est 
superieure, meme pour les meilleurs matEriaux dont on dispose 
actuellement, i celle induite par un electrolyte conventionnel 
d'epaisseur sensiblement equivalente. 
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b) Le maintien d'un bon gquilibre d'hydratation de la membrane est 
un point delicat, le transport des molecules d'eau ^tant plus 
difficile au sein d'une membrane que dans un electrolyte liquide. 

c) Le cout des membranes est actuellement un frein important au 
developpement de ces piles. 

En effet, bien qu*on puisse relever dans la littSrature 
I'obtention de densit6s de courant pouvant atteindre 2 A/cm2, ce qui 
minimise la surface de membrane i utiliser (soit 0,1 m=*/kW), ces 
valeurs sont relatives ^ des electrodes comportant des taux de 
platinoides importants et sont obtenues pour des tensions de pile 
relativement faibles (0,5-0,6 V). Dans de nombreuses applications 
telles que dans les vehicules electriques, on devra operer avec des 
rendements eleves et des electrodes depourvues de platine, ce qui 
conduira ci des densites de courant cinq h dix fois plus faibles* 
Dans ces conditions, mime dans des hypotheses de grande production, 
1' utilisation de membrane conduirait h des surcouts inadmissibles. 

L' invention r6soud ces probl^es en proposant une pile 
k combustible sans menbrane, laquelle comprend au moins deux 
electrodes poreuses, avantageusement du type A triple contact, un 
catalyseur etant disperse i la surface des pores. 

Les pores et la face interne des electrodes sont 
revetus d'un film solide constitue d'un polymer e h conduction 
protonique, et les electrodes enserrent par leur face interne une 
matrice poreuse remplie d'un electrolyte liquide acide. 
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Avantageusement, le film solide est continu et le 
diametre des pores est choisi de telle fa^on que la tension 
capillaire assurant la retention de 1' Electrolyte liquide dans la 
matrice est plus importante que celle qui existe entre 1' electrolyte 
liquide et les pores constituant les Electrodes. On est ainsi assurE 
d'une bonne cohesion et d'une bonne integrite de structure. 

De preference, la resistance surfacique de la matrice 
impregnee d'electrolyte liquide est inferieure A 0,3 Ohm. cm. La 
porosite de la matrice et son epaisseur sont choisies en 
consequence. 

L' electrolyte solide polymere peut etre un aminosil du 
type (Si03)2 - (CH2)3 NHa, NHX, un compose perfluore, un 
polyphosphate ou une autre substance portant des charges ioniques ou 
apte h donner des libres. 

Le film de conducteur protonique a avantageusement une 
epaisseur comprise entre 20 et 2 000 Angstroms et la structure 
poreuse comprend au moins un constituant hydrophobe , par exemple du 
polytetraf luoroethylene . 

Les piles sans membrane selon 1* invention ont des 
bonnes caracteristiques d' electrode et comportent dans leur 
structure un electrolyte polymere solide et un espace inter- 
electrode comportant un electrolyte liquide. On notera que le 
polymere incorpore 4 1' Electrode & triple contact Etant k conduction 
protonique, 1' Electrolyte liquide associE sera acide. 
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L' ensemble composite electrolyte liquide/electrode^ 
consid6r6 par example au niveau de la cathode ou s' opera la 
reduction de O2, devra permettre de realiser au mieux les fonctions 
suivantes : 

a) le transfert 61ectronique entre le catalyseur et la support de 
collecte de d^charge, 

b) le transfert aise de O2 de la phase gazeuse au catalyseur 4 
travers un film d' electrolyte solide, 

c) le transport aise des protons jusqu*^ 1' interface riactionnelle, 

d) 1 ' elimination rapide des moles H2O formees i 1' interface 
rSactionnelle vers la surface de 1' electrode ou ci la rigueur vers 
1' Electrolyte liquide. 

L'invention resulte d'un ccmpromis. En effet, si la 
fonction (b) implique que la couche d' electrolyte solide recouvrant 
le catalyseur soit permeable & O2 et la moins epaisse possible, la 
fonction (c), en revanche^ recouvrant la caractSristique de 
conduction ionique de 1* electrolyte s'effectuera d'autant mieux que 
I'epaisseur sera plus grande* 

On a ainsi pu montrer qu'en fonction de la porosite de 
1' Electrode, de I'aire de la surface reactionnelle et des densites 
locales de courant;- cette epaisseur sera comprise entre 20 et 200 
Angstroms, Dans les cas oii cette couche est discontinue et, si, 
comme cela est possible, elle est remplacee localement par un 
materiau hydrophobe et perm§able h O2, 1' epaisseur de la couche de 
polymere peut etre accrue jusqu'S une valeur de 2 000 Angstroms* 
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La foDction (d) impose; dans le cas d'une elimination 
de H2O i 1' interface gaz/solide, une epaisseur la plus faible 
possible de cette couche. Par ailleurs la continuity de conduction 
ionique par H**" entre les deux Electrodes impose une jonction entre 
1* electrolyte liquide et 1' electrolyte solide, Toutefois, il a 6t§ 
remarque que dans le cas d'une electrolyte liquide libre, son 
confinement ne pent etre limits & I'espace inter-61ectrode et par 
consequent on observe un noyage des pores par 1 ' Electrolyte , ce qui 
dans ces conditions conduit h une polarisation excessive, car 
I'apport en O2 se fait alors tres mal. La matrice va done avoir des 
pores tres fins (par exemple inferieurs & 1 000 Angstroms) mais en 
quantite telle que la conduction ionique de la matrice contenant son 
electrolyte soit convenable. Tel est le cas par exemple de 
structures poreuses en polypropylene ou polyEthyl^ne o£i la porosite 
est obtenue par melange du polymfere avec une poudre fine de SiOa» 
Les essais effectues montrent que le noyage est effectivement 6vite, 

On pent preparer la pile h combustible tres simplement 
en realisant d'abord les electrodes par enduction ou laminage- 
compactage^ les electrodes recevant une dispersion de catalyseurs 
par divers techniques ^ telles que reduction chimique, adsorption 
selectiviB, pulverisation cathodique, etc. On presse alors deux 
electrodes^ I'une pour O2/ 1' autre pour Ez, sur la matrice poreuse 
qui a ete prealablement imbibee d' electrolyte acide ou qui le sera 
apres montage . Les electrodes different generalement , mais pas 
obligatoirement^ par la nature du catalyseur selon qu'il s'agit de 
1' electrode i hydrogene ou de 1' electrode 4 oxygene. 
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L' invention sera mieiix comprise en reference aux 
dessins annexes, donnes & titre d'exemple non limitatif. Dans ces 
dessins, ou toutes les vues sont en coupe : 

- la figure 1 est une vue de principe, sch§Biatique/ 
d'une pile h combustible selon 1' invention, 

- la figure 2 est une vue d6taill6e de 1' interface 
entre le film solide et la matrice poreuse remplie d' Electrolyte 
liquide, et 

- la figure 3 est une vue agrandie de la figure 2, 
expliquant le fonctionnement de la pile. 

Comme on le voit sur la figure 1 pour la clarte de 
laquelle on a represents le film solide revetant uniquement la face 
interne de 1' Electrode, la pile se compose de deux electrodes 1 et 2 
enserrant une matrice poreuse 3 remplit d'un Electrolyte liquide 
acide 4. Comme electrolyte liquide, on peut choisir par exemple 
l"acide sulfurique ou les acides phosphoriques. Quant h la matrice, 
qui bien sur doit etre isolante electriquement, elle peut etre 
constituee de structures poreuses de polyethylene ou de 
polypropylene melangees avec une fine poudre de silice. 

Comme on le voit plus en dStail sur la figure 2, 
1' electrode est composee d'un substrat conducteur 5, qui peut etre 
choisi parmi le carbone poreux, les carbures mEtalliques, etc, Le 
substrat 5 prEsente des pores 7 prolongEs par des canaux 6, a la 
surface desquels a EtE dispersE un catalyseur 8. On trouve egalement 
du catalyseur sur la face interne de 1' Electrode, c'est-A-dire sur 
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la face de 1* electrode en contact avec la matrice 3 poreuse chargee 
de 1' electrolyte liquide 4» 

Coiame catalyseur 8^ on peut utiliser le platine, les 
carbures metalligues , par exemple le carbure de tungstfene pour 
1* electrode k hydrogene, ou encore des metaloporphyrines dispersSes 
at pyrolysees pour 1' electrode k oxygene. On trouve enfin, enrobant 
le tout, face interne de 1* electrode et canaux 6, le film solide 9 
constitue d'un polymere ci conduction protonique. Comme polymere, on 
peut utiliser I'une des substances mentionnees plus haut, par 
exemple des polymeres perfluores portant des groupes SOa" tels que 
ceux vendus par Dow Chemical, ou par Du Pont de Nemours sous la 
marque Nafion. 

Comme on le voit sur la figure 3, ou c'est 1' electrode 
k oxyg&ne ou Electrode positive qui a ete representee, le gaz 
oxygfene vient en contact avec le catalyseur 8 en suivant un canal 6 
et k travers le film 9. Sur ce catalyseur 8 arrive egalement des 
ions hydrogene en provenance de la matrice 3 remplie de 
1' electrolyte liquide 4 et les electrons fournis par le substrat 
conducteur 5, L' oxygene reagit avec ces entitSs pour former de 
I'eau, qui diffuse 4 travers le film solide 9 et est 6vacue par les 
canaux 6. 

L'hydrogene peut etre de I'hydrogene pur ou dilu6 dans 
des gaz inertes, ^2 ou CO2 par exemple, ou encore un gaz de craquage 
d' ammoniac ou de reformage des alcools, gaz qui est rictie en Ha. 
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L'oxygene peut etre pur ou dilue par des gaz inerte, cas notammeBt 
de I'air. 

Exemples 14 6 

On r§alise une Electrode A triple contact par une 
operation d'empatage par laminage-compactage dans une mousse 
metallique d'or (exemples 1 et 2 ) ou par enduction mecanique sur un 
substrat en carbone poreux par Stackpole sous la marque Stackpole PC 
206 (exemples 3 et 4) ou par Zoltek sous la marque Panex PW3 
(exemples 5 et 6), d'un melange comportant 20 mg/cm^ de noir de 
carbone vendu par Cabot sous la marque Vulcan (exemples 1, 3 et 5) 
ou par Degussa sous la marque Printex (exemples 2^ 4 et 6)^ lequel 
est revetu d'une dispersion de platine i raison de 10 % en masse par 
rapport au carbone, et d'un liant introduit sous la forme d'une 
suspension de polytetrafluoroethylene PTFE 30 N telle que masse PTFE 
/(masse carbone + masse Pt) = 0,36 avant l'empStage-s6chage de la 
pate et reprise par l*isopropanol pour le laminage, puis on seche 2 
h h 300°C. On impregne sous vide cette electrode dans une solution 
de ffafion 117 (marque de De Pont de Nemours, distribue par Aldrich) 

4 5 % de telle fa^on que la masse de Naf ion 117 soit comprise entre 

5 et 10 mg/cm^. 

Apres s6chage, les deux Electrodes ainsi constituees 
sont placees dans un montage qui les plaquent sur une matrice en 
polyethylene poreux ayant une epaisseur de 0,2 ram, inbibee d' une 
solution 2N de H^SO*. En alimentant en O2 I'une des Electrodes et 
I'autre en Ha avec une surpression d'environ 50 g/cm^ on constate 
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qu'4 23°C le systtme d6bite sous une tension de 0,7 V un courant de 
I'ordre de 200 mA/cm^, valeur sensiblement voisine pour tous les 
exemples 1 & 6* 
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REVENDICATIONS 



1. Pile k combustible, comprenant au moins deux electrodes 

poreuses (1,2), un catalyseur (8) etant disperse k la surface des 
pores (7), caracterisSe en ce que les pores (7) et la face interne 
des Electrodes (1,2) sont revetus d'un Electrolyte solide sous forme 
d'un film solide (9) constitue d'un polymere k conduction 
protonique, et que les electrodes (1,2) enserrent par leur face 
interne une matrice poreuse (3) remplie d'un electrolyte liquide 
acide (4). 

2» Pile selon la revendication 1, caracterisee en ce que 

la tension capillaire assurant la retention de 1 'electrolyte liquide 
dans la matrice (3) est supErieure 4 celle qui existe entre 
1* electrolyte liquide (4) et les pores (7) constituants les 
electrodes (1,2). 

3. Pile selon la revendication 1 ou 2, caracterisee en ce 
que la resistance surfacique de la matrice (3) imprSgnEe 
d'electrolyte liquide (4) est infErieure 4 0,3 Ohm.cm. 

4. Pile selon la revendication 1, caracterisee en ce que 
le film solide (4) de polymere 4 conduction protonique est un film 
continu* 
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5. Pile selon la revendication 1, caracterisfie en ce que 
1' electrolyte solide polymfere est un aminosil du type : 

(Si03)2 - (CH2)3 NHa, HNX 

6. Pile selon la revendication 1, caracterisee en ce que 
1' electrolyte solide polymSre est un compost perfluor6. 

7. Pile selon la revendication 1 ou 4, caracterisee en ce 
que le film (4) de conducteur protonique a une §paisseur comprise 
entre 20 et 2 000 Angstroms. 

8. Pile selon la revendication 1, caracterisee en ce que 
le substrat poreux (5) dans lequel est disperse le catalyseur (8) et 
sur lequel est depose le film (7) de conducteur protonique, comprend 
au moins un constituant hydrophobe. 

9. Pile selon la revendication 8, caracterisee en ce que 
le constituant hydrophobe est du polyt^trafluoroethylene. 
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[Ab$;tract] 

The fuel cell comprises at least two porous eiectrodcs, n catalyst (8) being dispersed on 
the surface of the pores (7), ITte pores (7) and Uic inner face of the electrodes are lined with a 
solid electrolyte m the fomt of a film (9) consisting of a proton-conducting pohnier, and the 
electrodes enclose, by ihcir internal face, a porous matrix (3) filled with an acidic liquid 
electrolyte (4). 

f he solid fdm (9) of proton-conducting polymer, whic!) may be a cojitinuous film, may 
consisl of an aniino$il of the type: 

(Si03)2-(CH2)3NH,, HNX 

Of a perlluorinatcd compound. 



Tlie invention concerns a Fuel cell of the hydroacn-oxygcn type. 

For iieveral years now, attempts have been made lo achieve very interesting perfomnanceK 
in hydrogen-oxygen fuel cells, in ^vhich a proion-conciucting ]X)iymer membrane is used m the 
electrolyic. The most elTecUvc system involven the use of electrodes; having a so-called triple 
contact siructure, with a polymer film thai also conducts protons acting as the link beiwec!! the 
catnlys? disj>crsed over liie surfoee of Oie pores of the electrode aiid the membrane. 

The applicant has siiown that the effectiveness of the cclJ is not linked to tte use of a 
membrane aK the electrode, but in ei^j^ence to die mode of conveying the fonns and charges in the 
field where the catalyst, the solid electrode film, and die gas coexist* la fact, it shottld be noted 
tfiat the use of a membrane involve^j a number of disadvantages: 

a) For membrane ihicknesses that arc easily produced industrially, the resistance 
introduced by the membrane is greater, even for tlie best cuircndy available tnaterials, than that 
produced by a conveational electroKie with roughly the same thickness, 

b) Mainlnining good hydration balance in the membrane is quite delicate, since the 
conveyance of water molecules is more dinicull in a niembnme than in a liquid electrolyte. 

c) The cost of membranes is currently a significant obstacle to the development of such 

ceils. 

In fact, wliile t!ie iiterature does report that current densities may be as high as 2 A/cm", 
whicii minimizes tlic membrane surface to be used (namely, 0,1 m'^VkW), these values are relative 
' to eleclrodes thai have significantly high platinoid levels and ore obtained in relatively low 
voltage cells (0.5-0.6 V). In many applications, sticli as electric vehicles, it is necessary to operate 
with liigh clficicncics and svidv platinum-free electrodes, which results in current densities that 
are live to ten times lower. In these conditions, even if mass produced^ the use of a membrane 
would lead to unacceptable addiuonal cost. 



The invenrion solves ihcsc problems by olTcring a fuel cell wiihoui membrane, which 
comprises <u least two porous electrodes, ad vaniageously of the triple coniaci iyjx\, wiih a catalyst 
dispersed over the surface of the pores. 

*nic pores and the inner face of ihe electrodes iirc lined with a .solid film consisting of a 
proton-conduciing polymer, and the electrodes enclose by iheir internal face a porous matrix 
fiMed with an acidic liquid electrolyte. 

Advantageously, the solid tllm is continuous, and the diameter of die pores is chosen so 
ihai the capillar)^ tension that holds ihe liquid elcctroiyte in liie matrix is greater than thai 
between the liqnid electrolyte and the pores that ibrnj ihe electrodes. This guarantees good 
cohesion and good stnictiiral intcgrit>\ 

'fhe surface resistance of the matrix filled witli liquid electrolyte is preferably less than 
0.3 Q cm. Tlic porosity of the matrix and its thickness are chosen accordingly. 

The solid polymer electrolyte may be an aminosil of the type {SiO.^)2-(CH2,)5 NH^. HNX, 
a perlluorinaied compound, a polyphosphate, or subslancc canning ionic charges or capable of 
producing free IT. 

Fhc thickness of the proton-conducting film is advaniageously between 20 and 2000 A, 
and tiie porous structure coinprises at lea.st one hydropliobic ingredient, sucii a.s a 
pol}^cu*anuoroethylcne. 

The cells vvidiotii membrane according to the invention have good electrode 
characteristics and contain in their siniclure a solid polymer electrolyte and an interelectrode 
space coniaining a liquid clectroKtc. It should be noted Uiat because the polymer incorporated in 
the triple-contact electrode is proton conducting, the related liquid electrolyte shall be acidic. 

The liquid electrolyte/electrode compound uniu when considered for example from the 
standpoint of the cadiode where O2 reduction takes place, .should be capable of performing at 
best the follo^ving functions: 

a) electronic transfer between the catalyst and the discharge collecting support ; 

b) easy O2 transfer IVom the gaseous phase to the catalyst ilirough a solid clecirolyie film: 

c) easy proton transfer to the reaction interface; 

d) S|>ccdy elimination of the H^O moles formed at the reaction interface towards ihe 
surface of ihe electrode or if need be low^trds die liquid elcctrohlc. 

The invention results in a compromise. In fact, if limction (b) utiplies that the solid 
' electrolyte layer coaling the catalyst is pcmicabic to 0> and is as thin as possible, function (c), on 
the other hand, as regards the ionic conduction characterisiics of the electrolyte, would work 
better if it were thicker. 

Thus, it has been possible to show Uiat in fonction of the porosity of the electrode, 
reaction surface area, and local current densities, this thickness shall be comprised between 20 
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and 200 A. In ihc case where the layer is discontinuous arid if possible locally replaced by a 
hydrophobic material ihat is peniicabic (o O2, the thickness of ihe polymer layer jnay he 
increased np to a value of 2000 A. 

In the case of H2O eliniinaiion to the gas/solid interface, funciion (d) requires thai this 
layer be as thin as possible. Wluu is more, die coiUinuity of ionic conduciion by I f* between tlic 
two eiccirodes requires a connection bervvcetj the liquid clccirolytc and the solid eleciroiyie. 
However, ii has been iioted ihiit in ihe case of a free litjuid elccirolyie, its coniaiamcnv cannot be 
confined to ihe intercleclrodc space, and m a resnh flooding of ilic pores by the electrolyte has 
been bunvn to happen, whicii under these conditions would rcsiiii in excessive polarization since 
the iniakc would funciion very poorly. Therefore, the matrix will have ver>^ small pores (less 
than iOOO A, for cxajnple), but of suHkieni qurintity to ensure good ionic conduction of ihe 
matrix containing the cleclrolylc. This is the c^se, for example, of porous strucaires of 
polypropylene or polyethylene where porosity is obtained by mixing the polyTner wath a fuic.SiOj 
powder. Tests have sho\\Ti that flooding is effectively prevented. 

riie fuel cell may be very simply mamifectured by first making the electrodes by coating 
or laininating-compaeting them, with the electrodes receiving catalyscr dispersion by means of a 
variety of metliods, such as chemical reduction, selective adsorption, cathode pulve^^aiion, etc. 
Then, the two electrodes, one for Ozand the other for IK arc pressed onto die porous matrix liiai 
iias already tieen saiuraicd with acidic electrolyte or which will be after assembly- 'Hie electrodes 
differ generally, alihough not necessarily, in the nature of the catalyst depending on whether it is 
a hydrogen or an oxygen electrode. 

1*he invention will be better unden?toc>d with referei^ce to the aUached drawings, given by 
way of aonllmiling example. In these drawings, which are ail cross sections: 

- I'igurc I is a schematic view showing tiie principle of ihe fuel cell according (0 the 
iuN'ention: 

- Figure 2 is a detailed view of the interface between the solid film and the porous matrix 
filled with liquid electrolyte: and 

- Figure 3 is an enlarged view of Figure 2, explaining how the cell works. 

As Figure 1 shows, where for reasons of clarity the solid fdm is shown coating Uie 
internal face only of die electrode, the cell consists. of two electrodes i and 2 onclojsing porous 
matrix 3 filled with acidic liquid elccirolyie 4. For vlte liquid electrolyte, it is possible to choose 
' sulfiiric acid or phosphoric acids, for example. As far as the matrix is concerned, which must 
ccriabxly be electrically insulating, ii may be made of porous structures of polyethylene or 
polypropylene mixed with a fine siHca powder. 

As Figure 2 shows in greater detail, the electrode is composed of conducting substrate 5, 
which may be chosen from among porous carbons, metal carbides, etc. Substrate 5 has pores 7 
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extended by channels 6, on the surface ol which caiiilysl 8 is dispersed. Catalyst is aLso to be 
found on ihc internal face of the electrode, in other words, on the fiice oi"lhe electrode that is in 
contact with porous matrix 3 Hlied \vilh lic|uid electrolyte 4. 

For catalyst 8, ii is possible to use platinum, metal carbides, sucli as tungsten carbide, for 
example, for the hydrogen electrode, or dispersed nnd pyroiyzcd meiai porphyrins Wn the oxygen 
electrode. Finally, coaling the whole diing. the iiitcraal i'acc ulHhe electrode and channels 6, is 
solid film 9 consisting of a pn)ton-conducting polyincr. For the polyjiien it \s ))ossiblc to use one 
of die above-tnentioned subsmnces, such as pcrfli^orinatcd polyjners carrying SO5- groups sucli 
as ihosc sold by Dow Chemical, or by Du Pont de Nemom's under the iNnfion trademark. 

As Figure 3 shows, where the oxygen or posiiive electrode is illustrated, oxygen gas 
comes m\o contact with catalyst 8 by taking channel 6 and passitig througli fiim 9. Also arriving 
at catalyst 8 arc hj'drogen ions from matrix 3 filled with liquid electrot>1c 4 and tlic electrons 
supplied by conducting substrate 5. llie oxygen reacts \\'ith these entities to Ibmi water, which is 
dilTuscd through soHd fdns 9 and eliminated via channels 6, 

The hydrogen may be pure or diluted with inert gases, such as Hi or Cih, for example., or 
even an annnonium cracking or alcohol reformiag gas, which is rich 5n Fb. iljo oxygen may he 
pure or diluted with inert gases, such a$ air in pariicular. 

Examples 1 to 6 

A triple contact electrode \s made by means of a coating operation by 
laminaiing-compacting in a gold motaJlic JFbam (Examples 1 and 2), or by mechanically coating a 
substrate of porous carbon made by Stackpole under the brand name Stackpole PC 206 
{Examples 3 and 4), or by Zoltek under the brand name Panex PW3 (Exjimples 5 and 6) with a 
mixture containing 20 mg/cnr of carbon Wack sold by Cabot under die brand mmie V ulcan 
(Exatnples 1 , 3, and 5) or by Degussa under the brand name Frintex (Examples 2, 4, and 6), 
which is lined with a platinum dispersion at a rate of 10 \\t% in relation to the carbon, and a 
binder in the fonn of a suspension of pol>l;etTafluoroethylene PTFE 30 N, such that the PTFE 
weight / (carbon weight ^ Pt weight) ~ 036 before coatingHirv^ing the mixture and reworking it 
wi\h isopropano] for lanitnation, and then it is dried for 2 h at SOO'^C. litis electrode is 
vacuum- filled with a solution of Nafion 1 1 7 (Du Pont de Nemours trademark dislributed by 
Aldrich) at 5%, so titat tlie weight of the Nafion 1 1 ? is between 5 and 1 0 mg/cm^. 

After drjMUg* tlte two electrodes so formed are placed in an assembly that plates ihcm 
onto a matrix of porotis polyethylene with a thickness of 0.2 mm, saturated with a 2N solution of 
H^SOj, By stipplying one of the elecuodes n^ith O2 and the other with H2, with suppression of 
about 50 g/crn^, we (ind that at 23*C the system yields cunreni on tlie order of 200 nuVcnr at a 
voltage of 0.7 V, which value is roughly the same for all Examples 1 to 6. 
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C'launs 

h Fuel cell comprising at least nvo porous electrodes (K 2), a cauiiysl (8) beiiig dispersed 
on the surface of (he pores (7). characterized in thai llie pores (7) and tiic inner face of the 
cleciTodei; (K 2) arc lined widi a solid elecirolytc iji die fomi of a solid .film (9) consi.siing of a 
proion-cnndncting pol)*mcr, and ihal tht? trtectrodes (1 . 2) enclose, by dicir internal iiice, a porous 
mnirix (3) Hlled wnh an acidic liquid elecLrolyic. (4). 

2. Cell according to Claim L cluiracieri7.ed in ihnt ilie capillary icnsion thot itokis the 
liquid elccirolyle in the mairix (3) is greater dian thai between the liquid clcclroiyie {4) nnd the 
pores (7) thai con^siiiuie the electrodes (L 2). 

3. Cell according io Claim I or 2, characierixcd in that die surface resistance of ihe matrix 
(3) frlled with liquid eiectrohie (4) is less than 0.3 Q-cm. 

4. Cell according to Claim I, characterized in ihar tiie solid lihn (4) [sic] of the proton- 
conducting polymer is a continuous film, 

5. Cell according to Claim 1 , characterized in dial the solid polymer film is an aminosil of 
the type: 

(Sio^h - {CHi)3 NH., imx. 

6. Cell according to Claim 1, characterized in thai the solid polymer electrolyte is a 
ixirfiuorinated compound. 

7. Cell according to Claim 1 or 4, characterized in that ihe thickness ofthe proion- 
condttcting film (4) |sic] is between 20 and 200G A. 

8. Cell according to Claim K characterised in that ihe porous sttbstratc (5) on which the 
catalyst (S) is dispersed and on which tlic proton-conducting dim (7) [sic] is deposited, contains 
at least one hydrophobic ingredient. 

9. Cell according to Claim 8, characterized in diat ihc hydrophobic ingredient is a 
polyietrafluorocihyJciie. 
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[Absraci] 

The fbel cell conlprisas at least two porous electrodes, a catalv^t 0) being dispersed on 
the surface of the pores (7)* llie pores (7) and the mner face of the electrodes are lined with a 
solid electrolyte in the form of a film (9) consisting of a proton-conducdng polymer, and the 
electrodes enclose, by iheir internal face, a {x>rous matrix (3) filled with an acidic liquid 
electrolyte (4). 

1 lie solid film (9) of proton*conducting polymer, which may be a continuous film, may 
consist of an aminosii of the type: 

($103)2 -(CH2)3 NHt/HNX 

or a perfluorinatcd compound. 



The invention concerns a fiid cell of the hwrogcm^oxygeatype. 

For several y^ani now, nitenpts have been made to acliieve very interesiing^perfonmances 
in hydrcjpn-oxygen fiiel cells, m which a pmton-conducting polymer membrane is used as the 
electrolyle. The mosteflb^tive system involva^ the use o:f electrodes having so-called iripie 
contact siructura, with a pol>TOer filni that aim conducts pn?tons acting as the link between the 
catalyst dispersed over the surface of the pares of die ^iecirode and the membrane. 

Tte applicant has -showa: that the eflfeeti veness of the:cell k not linked ^ to the -use of a' 
membmne as the electrode, bat in ei^ence to the mode of con vey ing: the fbnns and charges in the 
field where the camlyst^ the solid electrode film, and tte gas coex ist. In lact , it shdidd be noted 
itat the use of a membrane involves; a nunibcr^0f disadvantages: 

A For membrane^tiiiclcnesses. thatare. easi iy pfodaced; Indnstrially, the. resjistanee. 
introduced by the membrane is greater, even for die best currently available materials, than that 
produced by a conventional electrol>^e udth roughly the ,saTne tbicioiess, 

b) Maintaining good hydration balance in the membrane is quite delicate^ since the 
conveyance of water molecules is more difficult in a membrane than in a liquid eleciroiyte, 

e) The cost of membranes; is cunt^nily a significant obstacle to tlie^development of such 

cells, 

hi fact, while tte.lHeratare does report diat current densities may be ajs;high m 2 A&m". 
which, minimizes the membrane surface'to be^used'CnamelVj^O. 1.-to^.W). these values -ai^ relative 
to electrodes that have significantly high plaiinoid levels aitd are obtained in relatively low 
voltage cells (0.5-0:6"V).. In many applications, such electric- yeiiicks. it is-necessaiy to operate 
with high efficiencies and with platintim-ffee electrodes, which results in current densities dial 
axe five to ten times lower. In these conditions, even if mass produced* the use of a membiane 
would lead to unacceptable additional cost. 
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The invention solves these problems by offering a fuel cell without membrane, which 
comprises ai ieasl two porous electrodes, advantageously of the triple contact type, with a catalyst 
dispersed over ihe surface of the pprcs. 

The pores and ihe inner fece of the electrodes are l ined with a .sol id film consisting of a 
proton^condacting polymer, and the electrodes enclose by their internal face a porous matrix 
filled with an acidic liquid electrolyte. 

AdvantageoustVj the solid tllm is continuous, and the diameter of the pores is chosen so 
thai the capillar)^ tension that holds Ihe liquid electrohae in the matrix is greater dian tliat 
belAvecn the liquid electrolyte and the pores that fonn the electrodes. This guarantees good 
cohesion and good strtictural intcgrit>*. 

The surface resistance of the roatrbc filled with liquid eleclrolyie is preferably less than 
03 Q cm. The porosity of the matrix and its thickness are chosen accordingly. 

The solid polymer elecirolyie may be an aminosil of the type (Si03)HCH2)3 NH^, HNX, 
a pertluorinaied compound, a polyphosphate, or substance canying ionic charges or capable of 
producing free If. 

The thickness of tlic proton-conducting film is advantageously between 20 and 2000 A, 
attd the porous structure comprises at least one hydrophobic ingredient, such m a 
poljletrafluoroetliylene. 

The cells without membrane according to Jheinvention have good electrode 
characteristics and contain in their structure a solid polymer elecu*olyte and an interelectmde 
space containing a Hquid electrohle. It should be noted tliat because the polymer incorporated in 
the triple-coniact elecu-ode is proton conducting, die related liquid electrolyte shall be acidic. 

The liquid electrolyte/electTOde compound unit when considered for example from the 
standpoint of the cathode where Oa reduction ttikes place^ should be capable of performing at 
best the follov^ng functions: 

a) electronic ixansfer between the catalyst and the discharge collecting support; 

b) easy Oi tmnsfer from the gaseous phase to tlic catalyst tlirough a solid electrolyte film: 

c) easy proton transfer to tlie reaction interface; 

d) speedy elimination of the H?.0 moles foTtned: at tlie reaction interface towards the 
surface of the electrode or i f need be t6\v^^*d^ tlie liquid electroh!tc. 

The invention resulB in a compromise. In fact, if futiction (b) unplies that the solid 
electrolyte layer coating die catalysi is penneabfe to Oa and is as thin as possible, function: (c), on 
the other hand. a.s regards tlie ionic conduction characteristics of the electrolyte, would work 
better if it were thicker. 

TliuSj it has been possible to show that in ftmction of the porosity of the electnxie, 
reoction surface area, and local current densities^ Uiis thickness shall be comprised between 20 



and 200 A, In the case where the layer is discontinuDiis atid if possible locally replaced by a 
hydrophobic material tliat is permeable to O2, iJie iliickncss of the pol)TOer layer may be 
increased up lo a value of 2000 A. 

In the case of HiQ eliminaiioa to the gas/solid interface, iiinciion (d) requires thai tliis 
layer be as diin as possible. Wliai is more, the coniinuit)^ of ionic conduction by between tlie 
two electrodes requires a connection between the liquid electrolyte and the solid electrol>4e. 
tloweven it has been noted that in the case of a free liquid electrolyte, its containment cannot be 
confined to the mterelcctrodc space, and as a result flooding of the pores by the eiectrol}1e has 
been knowii to happen, which under these conditions would result in excessive ppliarization since 
die O2 intake would function vet>' poorly. Therefore, the matrix will have very^ small pores (less 
than 1000 A, for example), but of sufficient quantity to ensure good ionie ednductipn of the 
matrix containing the electrolyte: This is ihe case, fur example^ of porous strucnires of 
polypropylene or polyethylene where porosit)^ is obtained by mixing the pobmer with a fine SiOt 
powder. Tests have shown that flooding is effectively prevented. 

The fuel cell may be very simply maiuifactured by first making the electrodes by coating 
or taminating-compacling them, wnth the electrodes receiving catalyscr dispersion by means of a 
variety of methods, such as chemical reduciion, selecti ve adsorption, cathode pul verization,, etc. 
Then, ihe two electrodes, one for Oi and the other for are pressed onto die porous matrix that 
has already been saturated with acidic electrolyte or which will be after assembly. The electrodes 
dii&r generally, altliougli not necessarily, in the nature of the camlyst depending on whether it is 
a hydrogen or an oxygen electrode. 

The invention will be better understood with reference to ihe attached drawiiigs, given by 
way of nonlimiting example. In these drawings, which are all cross sections: 

- Figure I is a schematic view showing the principle of the fuel cell according to the 
iiwention; 

- Figure 2 is adctailcd view of ihe imcrfacc between the solid film and the porous matrix 
filled widi liquid electrolvTC; and 

- Figure 3 is an enlarged view of Figure 2j explaining how the cell works. 

As Figure I shows, where tor reasons of claritx^ the solid film is shown coating the 
internal face only of Uie eiecirodCj the cell consists of two electrodes 1 and 2 enclosing porous 
matrix 3 filled with acidic liquid electrotjie 4, For the liquid electrolyte, it is possible to choose 
sulftiric acid or phosphoric ncids, for example. As far as the matrix is epncemed, which must 
cenauiiy be electrically insulating, it may be made of porous stnicaires of polyethyiene or 
polypropylene mixed with a fine silica powden 

As Figure I shows in greaier detail, the electrode is composed of conducting substrate 5,. 
which may be chosen from among porous carbons, meiai carbides, etc. Substrate 5 has pores 7 



extended by channels 6. on the surface ofwhich caiulyst 8 is dispersed. Caialy$i i$ also to be 
found on tire internal face of iheeleclrmle, in oAer words, on the face of Ihe electrode lliai is in 
contact with porous matrix 3 filled with iiqnid electrolyte 4. 

For catalyst 8, it is possible to use platinum, metal carbides, such m tungsten carbidCj for 
example, for the hydrogen electrode, or dispersed and pyrolyzed metal porphyrins for the oxygen 
electrode. Finally, coating the whole tiling, the intemai face of the electrode and channels 6, is 
solid film 9 consisting of a proion-conducting polvTOcn For the polymer, it is possible to use one 
of tlie above-mentioned substances, such as pertlxiorinated polymers carrying SO3- groups such 
as those sold by Dow Chemical, or by Du Pont de Nemours tujder the Nafion trademark. 

As Figtire 3 shovvs, Avhere the oxygen or positive electrode is illustrated, oxygen gas 
comes into contact with catalyst 8 by taking channel 6 and passing througli film 9. Also arriving 
at catalyst 8 are hydrogen ions from matrix 3 filled with liquid eiectrolytc 4 and tlic electrons 
supplied by conducting substrate 5. llie oxygen reacts with these entities to fora water, which is 
diffused through solid film 9 and eliminated via charmels 6. 

The hydrogen may be pitre or diltited with inert gases, such as Na or CO^j for example., or 
even an ammonium cracking or alcohol reforming gas, which is rich in H2. llie oxygen may be 
pure or diluted with inert gases, such as air in particular. 

Examples 1 to 6 

A triple contact electrode is made by means of a coating opemtion by 
laminating-cqmpacting in a gold metallic foam (Examples 1 and 2), or by mechanically coating a 
substrate of porous carbon made by Siackpole under the brand name Stackpole PC 206 
(Examples 3 and 4), or by Zoltek under the brand name Panex PW3 (Exmnples 5 and 6) with a 
mixture containing 20 mg/cm" of carbon black sold by Cabot under the brand name A' ulcan 
(Examples 1, 3, and 5) or by Degussa under the brand name Printex (Examples 2, 4, and 6), 
wliich is lined widi a platinum dispersion at a rate of 10 wt% in relation to the carbon, and a 
binder in the fonnof a suspension of pol>^atfafluoroethylene PTFE 30 N, such that the PTFE 
weight / (carbon weight Ft w^eiglit) - 036 before coatingHdrying the mixture and reworking it 
with isopropanol for lamination, and then it is dried for 2 li at 300^C. ITiis electrode is 
vacuum-filled with a solution of Nafion 117 (Du Pontde Nemours trademark distributed by 
AMnch) at 5%, so that tlte weight of the Nafion 117 is between 5 and 10 mgfenr, 

Ai\cr dr}4ng, die tis^o electrodes so formed are placed in an assembly that plates them 
onto a matrix of porous polyethylene with a thickness of 0.2 imn, saturated with a 2N solution of 
H2SO4. By supplying one of the electrodes with 62 and the other with Ih^ will) suppression of 
about 50 g/cm% we fmd that at 23'C the system yields cuTOut on the order of 200 mA/'cm^ at a 
voltage of 0.7 V, which value is roughly the siune for all Examples 1 to 6. 
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Claims 

L Fuot coll comprising at least two porous electrodes (] , 2), a caMysi (8) bemg dispersed 
on the ;>urfece of the ports (7), characterized in that the pores (7) and the inner face of the 
electrodes (1, 2) are lined with a solid electrolyte in dicibrm of a solid film (9) consisting of a 
proton-conducting polymer, and that the electrodes (1,2) enclcse, by tlieir iniernal face, a porous 
matrix (3) filled with an acidic liquid electrolyte (4), 

2. Cell according to Claim 1, characterized in that the capillary tension that holds the 
liquid electrolyte in the matrix {3) is greater than that between tlic liquid electrolyte (4) and the 
pores (7) that constitute the electrodes (1, 2). 

3. Cell according io Claim 1 or 2, characterized in that the surface resistance of the matrix 
(3) (51Ied with liquid electrolyte (4) h less than 0.3 Q cm. 

4. Cell according to Claim L characterized in that the solid film (4) [sic] of the proton- 
conducting polymer is a continuous film, 

5. Cell accoixling to Claim 1, characteriMd in tliat the solid polymer Mm is an aminosil of 
the type: 

(Si03)>- (GH2)3 MHz, HNX. 

6. Cell according to Claim 1, characterized in that the solid polymer electrol>4c is a 
pcrfluorinated compound. 

7. Cell according to Claim 1 or 4, characterized in that the diiciaiess of the proton- 
conducting lUm (4) [sic] is between 20 and 2000 A, 

8. Cell according to Claim L characterized in that the porous substrate (5) on which the 
catalyst (8) is dispersed and on wMch the protoji-conducting 01m (7) [sic] Js deposited, contains 
at least one hydrophobic ingredient. 

9. Cell according to Claim 8, Ghamcterixcd in that the hydrophobic ingredienl is a 
pdlytetrafluoroethylcuic. 
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